The coupled-cluster theory, which is based on the exponential ansatz for the wave function, provides an ideal formalism for performing highly accurate calculations for many-body quantum systems at a relatively low computational cost. Though it was originally introduced within the context of nuclear physics, most of the development and use of the coupled-cluster theory have been performed within the area of quantum chemistry, where it has become one of the preeminent ab initio approaches for studying molecular structure and reactivity. Thanks in part to the great success of the coupledcluster approaches in chemistry, the coupled-cluster theory has had a recent resurgence in the area of nuclear physics, paving the way for studies of medium and heavy mass nuclei for which many other methods, such as the shell model approach, are simply not practical due to their high computational costs.
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In this presentation, we will discuss our work in applying quantum chemistry inspired coupled-cluster approaches to the study of nuclear structure. We will focus on the results of our coupled-cluster calculations for the ground and low- Ni, using several different types of modern as well as effective nucleonnucleon interactions. These results reveal that the coupled-cluster approaches are capable of successfully describing the ground and excited states of a variety of nuclei, producing highly accurate energies of the same quality as much more computationally demanding methods, including various levels of shell model. Along with the results for binding and excitation energies, we will show the results of accurate coupled-cluster calculations for properties other than energy, including matter density, charge radius, and charge form factor. The relatively low costs of coupled-cluster calculations, which are characterized by the low-order polynomial scaling with the system size, enable us to probe large model spaces with up to 7 or even 8 major oscillator shells (336 and 480 single-particle states, respectively), for which non-truncated shell-model calculations for nuclei with A=15-17 active particles are presently not possible. We will argue that the use of coupled-cluster methods and computer algorithms proposed by quantum chemists to calculate properties of nuclei is an important step toward the development of accurate and affordable many-body theories that cross the boundaries between various physical sciences.
